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ABSTRACT 


Background: For over two decades, the treatment of HIV-1 patients has relied on antiretroviral (ART). These drugs have had a 
great deal of achievement in not only controlling the viral load but also partly reconstituting the immune system in HIV-1 infected 
persons. However, the misfortune is that ART is a lifelong treatment because it cannot achieve complete eradication of HIV-1 vi¬ 
rus, yet with its side effects like many other drugs. Scientists have hence introduced immunotherapy in an effort toward complete 
eradication of HIV-1 in HIV/AIDS patients. 

Objective: The aim of this paper was to determine the effectiveness and safety of the various immunotherapy formats used in 
the treatment of HIV-1 infection. 

Method: We reviewed a number of peer-reviewed published articles to determine the effectiveness and safety of the different 
immunotherapy formats tested in randomized clinical trials and animal model experiments. 

Results: Majority of immunotherapy regimens used in combination with ART to treat HIV-1 positive human or animals were 
found to be effective in boosting the cell-mediated immune responses in HIV-1 infection but achieved insignificant results in 
controlling the viral load in these experiments. Most of the immunotherapy formats were also well tolerated recording minimal to 
no adverse effects on HIV-1 patients. 

Conclusion: Most immunotherapy agents are relatively effective and safe when used in combination with ART in modulating 
immune response to HIV-1. These immunotherapy agents do not significantly reduce the viral load and hence cannot eliminate 
HIV-1. 
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INTRODUCTION 

The traditional treatment of HIV/AIDS patients for the past 
two decades has been anti-retroviral drugs (ART). While 
these drugs have performed relatively well in dramatically 
keeping the viral load down and partly reconstituting the 
HIV-specific CD4+ T cells (1), anti-retroviral have been una¬ 
ble to completely clear the virus in its reservoir tissues in the 
body (2) and little is known about the effect of ART outside 
the peripheral blood circulation (3). As such these drugs are 
taken for life which means the patients suffer from their side 
effects as long as they live using them. Immunotherapy is the 
alternative that has emerged in the recent past years where 


significant amount of research is ongoing to detennine its 
effectiveness and safety in the treatment of HIV/AIDS. 

Immunotherapy assists the natural immune system to control 
HIV infection (4). Two types of immunotherapy are being 
pursued by researchers i.e. “a sterilizing cure” where there is 
elimination of HIV-1 infected cells from the body and “func¬ 
tional cure” an effective human host immunity modulation 
which achieves a lifelong suppression of the virus replication 
(4). Some of the challenges that make it difficult to achieve 
complete control of HIV replication is the inability by the 
vaccines to sufficiently activate the immune system (5) and 
inability to eliminate the latent state of the virus (6). Several 
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approaches have been employed to make various formats of 
immunotherapy. Some are non-antigenic approaches like the 
administration of specific cytokines which stimulate the im¬ 
mune system or down regulate viral replication (7). Another 
approach involves administration of antibodies meant to 
block the entry of HIV into the host cells (8). Other formats 
of immunotherapy against HIV vims are induction of effec¬ 
tive CD8 T cells and harnessing dendritic cells (DC) function 
in order to improve the quality of T cell immune responses 

(4). 

There are a number of success stories that have been pub¬ 
lished in relation to immunotherapy in the treatment of HIV- 
1 but the most interesting one is that of the HIV-1 patient in 
Berlin with acute myelogenous leukemia who received graft 
from a donor with polymorphism that confers resistance to 
HIV-1 infection. As a result, this patient remained negative 
for over 3 years without using anti-retroviral therapy (9). 

This article reviews published peer-reviewed articles on 
different formats of immunotherapy against HIV-1 virus to 
determine the effectiveness and safety of this kind of treat¬ 
ment. (1) says that despite some positive immunomodulation 
results that have been reported in animal models, there is 
potential for toxicity of these immunomodulators in human. 
Data from both randomized clinical trials (RCT) and experi¬ 
ments on animal models of HIV-1 will be reviewed. 

In the principles of immunotherapy, there are three ap¬ 
proaches mainly used (10). These are: 

Non-specific enhancement of antiviral immune response 
by various immune stimulating cytokines including type-1 
IFNs, IFN-y, IL-12, and y-chain signalling cytokines related 
toIL-2 (10). 

Blocking antibodies against immune suppressive receptors 
such as PD-1 and CTLA-4 could also provide beneficial im¬ 
mune stimulation (11). 

Antigenic formats to induce HIV-specific T cell response in 
order to elicit more effective CD8 T Cell-mediated immune 
surveillance (10). 


DISCUSSION FOR REVIEW 

a) Cytokine therapies 
Interferon-gamma (IFN-y) 

Serum IFN-y in the acute phase of HIV-1 infection has been 
shown to reduce the replication of the virus in both CD4+ 
and monocytes-macrophage cells (4). However, according to 
this article the role of IFN-y in the chronic phase of HIV-1 is 
not clear since the increased activity of IFN-y markers like 
P,-microglobulin and neopterin lead to poor HIV-1 infection 



prognosis. Therefore IFN-y might be helpful in the initial 
stages of HIV-1 infection but not in the full-blown AIDS. 

Of the many opportunistic infections in HIV positive pa¬ 
tients is the cryptococcal meningitis caused by Cryptococ¬ 
cus neofonnans. In some studies, Interferon gamma (INF-y) 
monotherapy as opposed to type 1 IFNs (which have anti¬ 
viral activity) is said to have no direct antiviral activity 
against HIV-1 as demonstrated in primary cultures, in in- 
vitro studies and ex vivo studies (12). These studies have in 
fact showed a possible negative role where INF-y increases 
HIV-1 replication and hence their safety and efficacy cannot 
be guaranteed. However, the use of INF-y in combination 
with the standard therapy in HIV-associated cryptococcal 
meningitis has been suggested in the past, to reap its ben¬ 
efits. In a randomized clinical trial, (13) demonstrated that 
treatment of HIV-positive patients with standard treatment 
(Amphotericin-B lmg/kg/day plus 5-FC lOOmg/kg/day for 
2-weeks) in combination with 2 or 6 doses of INF-y cleared 
Ctyptococcus neoformans from cerebral spinal fluid (CSF) 
faster than the standard therapy alone (p-0.02 for 2 doses 
of INF-y and p-0.006 for 6 doses of INF-y) (Table 1). This 
immunotherapy treatment was well tolerated raising no ad¬ 
ditional adverse effects compared to standard therapy only. 

Interleukin-2 (IL-2) 

Many immunotherapy formats target to stabilize the immune 
system and suppress the viral load permanently, while at the 
same time eliminating the need to continue with the use of 
highly active antiretroviral drugs (HAART). Interleukin-2 
(IL-2) combination with ART is known to increase CD4+ 
T cell responses in HIV infection and has been approved in 
some European Countries for use as an immunotherapy agent 
(14). A phase II randomized, partially blinded 2x2 factorial 
study found administration low dose of IL-2 to chronically 
infected HIV-1 patients not help fill in controlling viremia 
relapse after discontinuation of HAART, but induced sig¬ 
nificant levels of CD4+ T cells (10). The therapy had been 
administered to patients with undetectable HIV-1 RNA and 
CD4 T-cells count of >400 cells/pl and compared to placebo. 
In that study even when the low-dose of IL-2 was combined 
with a ALVAC vCP1452 (Canarypox) vaccine it was still 
found not effective in preventing replication of HIV-1 once 
HAART had been discontinued but was in this case found to 
significantly increase the concentration of circulating CD8+ 
T cells (Table 1). In a another study, (15) who administered a 
subcutaneous recombinant of human IL-2 to HIV-1 patients 
with low baseline CD 4 count (50-299cells/mm 3 ) found that 
IL-2 increased CD4 T cells count compared to antiretroviral 
therapy alone. However, a combination of antiretroviral with 
IL-2 therapy in this study added no value in terms of immune 
response. 

In contrast, (16) found a significant increase of CD4+ T cells 
count among HIV-1 patients that were treated with ART+IL-2 
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relative to those who received ART only, compared to the 
baseline CD4+ T cells count. In addition, ART + IL-2 treat¬ 
ed patients showed an increase in CD27+CD28+CD45RA+ 
on naive CD4+ T cells compared to those treated with ART 
alone (p<0.01). There was however a change of pattern in 
this trend where the group treated with ART + IL-2 showed 
a decline in T H 17 CD4+ T cells while the ART-only treated 


group did not show any change in the T H 17 cells population 
compared to the baseline data. 

This data suggests that a combination of IL-2 with ART in¬ 
creases HIV-1 specific cell-mediate immune responses but 
has an insignificant effect in reducing the viral load in HIV 
patients in the long run. 


Table 1: Results of Non-antigenic specific immune therapies in the treatment of HIV-1 


S/No Immunothera- 

Animal Spe- 

Route of Ad- 

Action Induced 

Benefit to 

Safety 

Author 

py Format 

cies/Condition 

ministration 


Hiv-1 Infect- 

to Hiv-1 

(S) 





ed Patients 

Infected 

Patients 


1. Recombinant 

Human HIV-1 

Subcutaneous 

Increased CD4 T cells 

Increased 

No toxicity 

(15) 

subcutaneous 

infected with low 



ability to 

reported 


IL-2 

CD4+ count un- 



control 




der active ART 



viremia 



2. Low dose IL-2 

Human with un- 

Subcutaneous 

-Increased circulating 

No benefit 

Allergy 

(10) 

+ Canarypox 

detectable HIV-1 

-IL-2 

CD8+ T cells concentra- 

in control- 

and Neu- 


vaccine (ALVAC 

RNA 

Intramuscu- 

tions (p<0.002); 

ling viremia 

tropenia 


VCP1452) 


lar - ALVAC 

-No significant differences 

relapse after 





VCP1452 

in circulating HIV 

discontinua- 






p55 gag-specific CD4+ T 
cell concentrations relative 
to placebo 

tion of ART 



3. Low dose IL-2 

Human with un- 

Subcutaneous 

-Increased circulating 

No benefit 

Allergy 

(10) 


detectable HIV-1 


CD4+ T cells concentra- 

in control- 

and Neu- 



RNA 


tions (p<0.0001) 

ling viremia 
relapse after 
discontinua¬ 
tion of ART 

tropenia 


4. Standard treat- 

Human with HIV 

Intravenous - 

Faster clearance of Crpto- 

Less symp- 

No 

(13) 

ment for CM + 

infection 

STD treatment; 

coccus neoformans from 

toms of HIV/ 

adverse 


2 or 6 doses of 


Subcutaneous 

CSF((p=0.02) for 2 doses 

AIDS 

effects 


INF-y 


- STD Treat + 

of INF-y and p=0.006 for 6 






INF-y 

doses of INF-y) 




5. IL-2 

Human on ART 

Subcutaneous 

Increase in 

No increase 

No safety 

(14) 




CD27+CD28 + CD45RA+ 

in TH17 

issues 





naive CD4+ T cells 

CD4+ T 

were 





(p<0.01) 

cells; No 

reported 





Increase in CD4+ T cells 

decrease in 
viral load 



b) Antigenic specific immune therapies 

peptide DC (p<0.02) as well as HIV-1 pol peptide-DC vac- 

Antigenic specific immune therapies have proven potential cine (p<0.04), in HIV-1 patients previously on ART. 

in the treatment of HIV-1 infection. In a phase 1 clinical safe¬ 
ty trial, (17) found that the HIV-1 HLA*A0201, Env, Gag In another stud - v ’ (l8) demonstrated that mature DC treated 

, , . , , ... „ with CD40L or CD40L plus IFN-y compared with imma- 

and pol peptides loaded to mature dendritic cells (DC) were 1 ' 1 

, , - , - . ., . , • r , u ture DC m HIV-1 negative patients, HIV-1 positive patients 

sate and tolerable in the primary end point. In the secondary b r ’ 1 1 

, • . ■ c , , ■ , . on ART and those not on ART, induced significant HIV-1 

end point, these vaccines were found to induce HIV-1 specif- ’ & 

■ TT --i. T ■ - . specific IFN-y produced by CD8+T cells in these patients 

ic IFN-y responses in enzyme-linked immunospot assay, as 1 ' 1 1 

„ ■ , , , . ■ , , (Table 2). This study also demonstrated that maturation of 

well as clinical correlates ol an immune response consistent v - 

• , , • • .. c „ ., DC stimulated with TLR3 ligand polyinosinic:polycytidylic 

with those expected in vaccination. Specifically, there was b 1 - 1 - - 

■ . ,,. AO , t- ii ■ * ,,,,, i acid - cytokine combination produces significant amount of 

significant increase in CD8+ T cells m response to HIV-lgag J 1 & 

HIV-1 specific IFN-y by CD8+ T cells (Table 2). In the 
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same study, Huang et al., showed that the highest levels of 
IL-12p70 which enhances the activity of CD8+ T cells was 
produced by DC treated with CD40L plus IFN-y, and DC 
treated with a combination of CD40L plus poly (I:C) (Table 
2). In this study, it was found that DC stimulation of protec¬ 
tive anti-viral CD8+ T cells reactivity was greatly enhanced 
by activated CD4+ T cells in low concentration but not in 
higher concentration. This data suggests that targeting DC 
maturation with the appropriate stimulation in HIV-1 patients 
on ART can be a help fill strategy in HIV-1 immunotherapy. 

Among structural components of HIV-1 that have been tar¬ 
geted for vaccines, is the DNA of the vims. For more than 
two decades scientists have been testing HIV DNA vaccines 
on non-human primates and human subjects and the vaccine 
has been found to have the potential for eliciting T cell-medi¬ 
ated immunity (19). Immunotherapy research by (20) found 
that a multi-gene multi-subtype A, B, C HIV DNA vaccines 
induced HIV-1 specific cellular immune responses in both 
HIV-positive children and adults on ART. In adults, vaccines 
were found to significantly increase HIV-1 specific IFN-y 
responses (p=0.028) at week 10 from the baseline, relative 
to the placebo group of adults (Table 2). There was also an 
increase in HIV-specific, MHC class 1 restricted CD8+ T 
cell response among the adults vaccinated and an increase 
in CD4+ T cell response among the HIV DNA vaccinated 
children. HIV DNA vaccine was well tolerated with minimal 
adverse effects. Though there were no good results on viral 
load reduction, in the study by Palma et ah, (2014) this data 
shows that a combination of ART and HIV DNA vaccines 
should be considered as a strategy in the treatment of HIV 


infection because it is both safe and relatively immunogenic. 
The efficacy results by (20) in that study were contradicted 
the work by (21) who found efficacy of HIV DNA vaccine 
among HIV-Positive patients was as low as 0.1% showing 
no benefit to HIV-1 patients as far as disease progression is 
concerned. 

c) Antibody Therapies 

Antibody therapy is one of the immunotherapy strategies that 
have been studied by scientists in the recent past years in an 
effort toward reinforcing the antiretroviral therapy currently 
in use in the treatment of HIV infection. (22) have document¬ 
ed that accumulating data on antibody responses shows no 
role in containing HIV-1 replication in patients. However, 
some studies have demonstrated that a combination of ART 
and broadly neutralizing antibodies raised against the gpl20 
portion of HIV-1 have a long-term control of the viral load 
in hu-mice (23). The hu-mice were immunized with three 
proteins of gpl20 subcutaneously twice every week for six 
weeks. The antibodies administered were 3BNC117, PG16 
and 10-1074 of gpl20. After six weeks there a significant 
drop in HIV-1 plasma RNA as well as cell-associated DNA 
in hu-mice treated with a combined therapy of antibody and 
ART compared with those treated with ART only. It was fur¬ 
ther demonstrated that the antibody therapy could control vi¬ 
ral load even after ART is stopped and the viral load goes to 
the pre-treatment state. This data suggests that a combination 
therapy of antibody and ART can overcome the challenge 
of inability of ART to control viral load on long-term basis 
without continued permanent mandatory use of the ART. 


Table 2: Results of antigenic specific immune therapies in the treatment of HIV-1 


O /Kin 

o/ivo 

Immunotherapy 

Format 

Animal 

Type 

Route Of Admin¬ 
istration 

Action Induced 

Benefit To 

Hiv-1 Infected 
Patients 

Safety To Hiv-1 
Infected Pa¬ 
tients 

Author 

(S) 

1 . 

HIV-1 Gag peptides 
+ DC 

Human 
previously 
on ART 

EX vivo in the 
PBMC Culture 
(enzyme-linked 
immunospot as¬ 
say) 

Increased HIV-1 
specific IFN-y 

(p<0.02) 

Increased 

HIV-1 specific 
CD8 + T cells 
frequency in 
patients 

Safe and toler¬ 
able 

(17) 

2. 

HIV-1 pol peptide-DC 
vaccine 

Human 
previously 
on ART 

EX vivo in the 
PBMC Culture 
(enzyme-linked 
immunospot as¬ 
say) 

Increased HIV-1 
specific IFN-y 
(p<0.04) 

Increased 

HIV-1 specific 
CD8 + T cells 
frequency in 
patients 

Safe and toler¬ 
able 

(17) 

3. 

DC + CD40L or 
CD40L plus IFN-y 

Human 
negative 
for HIV-1 
virus 

EX vivo in the 
PBMC Culture 

Production of 
IFN-y by CD8 + T 
cells 
(P<0.05) 

Reduction of 
viral load 

No toxicity 
reported 

(18) 

4. 

DC + CD40L or 
CD40L plus IFN-y 

Human 
with HIV-1 
infection & 
on ART 

EX vivo in the 
PBMC Culture 

Production of 
IFN-y by CD8 + T 
cells 
(P<0.01) 

Great reduc¬ 
tion of viral 
load 

No toxicity 
reported 

(18) 


n 
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5. 


6 . 


7. 


8 . 


DC + CD40L or 
CD40L plus IFN-y 

Human 
with HIV-1 
infection 
& not on 
ART 

EX vivo in the 
PBMC Culture 

DC + poly (l:c) and 
cytokines: IFN-a, 

IFN-y, IL-p and TNF-a 

Human 
with HIV-1 
infection 
not on 

ART and 
on ART 

Ex vivo in the 
PBMC culture 

DC + poly (l:C) + 
IFN-a + IFN-y + IL-1 p 
washed treated with 
CD40L or CD40L + 
IFN-y 

Human 
with on 

ART not of 
ART 

Ex vivo PBMC 
culture 

HIV DNA Vaccine 
(HIVIS) 

Human 
(Adults & 
Children) 

Intramuscular 


Production of 

Reduction of 

No toxicity 

IFN-y by CD8 + T 

cells 

(P<0.05) 

viral load 

reported 

-Increased anti¬ 

Increased abil¬ 

No toxicity 

viral CD8+ T 

ity to control 

reported 

cell responses 
in HIV-1 infected 
persons not ART 
and those on 

ART 

viremia 


Increased IL- 

IL-12 confer 

Safe 

12p70 

antiviral state 
in HIV-1 per¬ 
sons 


-Increased 

Improvement 

Minimal ad¬ 

HIV-specific 

of the cel¬ 

verse effects 

IFN-y (p=0.028) 

lular immune 


among vac¬ 

response to 


cinees 

HIV-1 but 


-Increased 

no sufficient 


CD4+ T cells 

control of viral 


in children vac- 

load 



cinees 
-Increased 
CD8+ T cells 
among adults 
vaccinees 


(18) 


(18) 


(18) 


( 20 ) 


CONCLUSION 

Most immunotherapy agents are relatively effective and safe 
when used in combination with ART in modulating immune 
response to HIV-1. However, more studies are needed to de¬ 
termine the ability of immunotherapy to reduce the viral load 
and ultimately eradicate HIV-1 from the patients suffering 
from HIV/AIDS. 
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Abbreviation 

AIDS - Acquired Immunodeficiency Syndrome 
ART - Anti Retroviral Therapy 
CD - Cluster of Differentiation 
CSF - Cerebral Spinal Fluid 

CTLA-4 - Cytotoxic T-lymphocyte-associated protein 4 

DC - Dendritic Cells 

DNA- De-oxy ribonucleic acid 

HAART - Highly Active Antiretroviral Treatment 

HIV-1 - Human Immune Virus 

IFN - Interferon 

IL - Interleukin 

MHC - Major Histocompatibility Complex 
PD-1 - Programmed cell death protein 1 
RCT - Randomized Clinical Trials 
RNA - Ribonucleic Acid 
T h - T-helper Cell 
TLR3 - Toll-like Receptor 3 
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